ABSTRACT
The LSM relies on an implicit representation of the interface and the equation of 158 motion is numerically approximated using schemes built from hyperbolic-159 conservatives law (Osher and Sethian, 1988) . This approach has been used to 
where k denotes the local interfacial curvature, nГ is the unit normal vector to the 183 interface pointing into the droplet, and the smeared out Dirac delta function 184 concentrated at the interface between two fluids is given by δsm(). These can be 185 expressed as shown below.
186
The interfacial curvature is given by
The delta function is approximated by where ηo and η∞ denote the zero shear viscosity and the infinite shear viscosity 208 respectively whereas λCY denotes the relaxation time and a denotes fitting parameter.
209
The n is the shear-thinning power-law exponent and ̇ is the shear rate. We 
213
The rheological parameters of Carreau-Yasuda stress model were experimentally 214 determined using a controlled stress rheometer (MC 302, Anton Paar) for all SCMC 215 polymer concentrations. All the measurement data were seen to be fitted well to Table 1 and used in numerical calculations subsequently. For shear 220 thinning fluids, the flow modifies the viscosity and so the effective viscosity at the flow 221 conditions in a given simulation becomes an important quantity. To aid later 222 interpretation we estimate this by using the wall shear rate in the continuous phase. 
226
In the present work, a key output quantity is the effective droplet diameter (d). An 227 integration operator was used to find the area corresponds to the dispersed phase
228
where ϕ > 0.5 in order to calculate the effective droplet diameter (Equation 11). computed from equation 9 using the wall shear rate in the continuous phase. where n is unit vector that has a direction normal to the inlet boundaries, h is the No-slip boundary condition was applied to all other wall boundaries. The numerical simulations were performed at a time step t = 2.57×10 -5 seconds, calculated using 262 the Courant-Friedrichs-Lewy (CFL) number. The Courant number is defined as:
where Δt is the time-step used during simulations, U is the maximum fluid velocity phenomenon of the fluid-fluid interfaces. A 2D structured mapped mesh was 284 generated and meshes of varying degrees of resolution were set up for the domain.
285
The effect of mesh size was examined by increasing the number of mesh elements 286 from 976 (coarsest grid) to 15963 (finest grid). corresponding to experiments (for system: Qc: 2.0 ml/hr and Qd: 0.1ml/hr, Q=0.05).
359
The colour bar specifies the dispersed phase as the area where colour distinction is phenomenon can be observed in all subsequent parametric studies.
408
The streamlines are overlaid on the velocity field in Figure 7 to investigate the flow 409 development within the dispersed phase filament and the growing droplet. In Figure   410 7, at the start of the formation process, a recirculation flow is generated close to the 
415
The droplet detachment mechanism has been modelled by Husny and Cooper-White 
Effect of Dispersed Phase Rate

436
In the first series of numerical simulations, the effect of the dispersed phase flow rate,
437
Qd, on the droplet diameter was systematically examined for a fluid with physical 438 properties equivalent to SCMC solutions with concentrations ranging from 0.00 wt% 439 to 1.20 wt%. Similarly, the continuous phase properties were selected to reflect those at 2.00 ml/hr for all cases reported.
469
The time dependence of the pressure at the corner of T-junction during SCMC droplet 470 breakup at different Qd were systematically investigated and are plotted in Figure 9 .
471
At the necking point, there is a pressure spike at the time of detachment. Moreover,
472
the magnitude of pressure depends on the specific location of the droplet detachment.
473
When the Qd is small, the droplets are pinched off at the T-junction. When Qc > Qd, 474 droplet does not have time to fill the main channel fully producing elongated slugs.
475
The droplet breakup occurs immediately after a short filament is formed filling the Qd increases, the filament grows at faster rates, partially blocking the main channel.
481
This leads to detachment of the droplets at increasing frequency. This is clearly shown flow rate ratios Q (with fixed Qc= 2.00 ml/h and 0.05 ml/h < Qd <0.25 ml/h).
573
Effect of Sodium Carboxymethylcellulose (SCMC) Concentration
574
The present parametric analysis aims to assess the role of the dispersed phase to correlate with droplet size and also downstream distance of the detachment point.
649
Consequently, sharp peaks were clearly observed only for smaller ηc.
650 Table 3 : Physical properties of the continuous phase systems. angles, whereas the dynamic effects are not explicitly taken into account.
688
A focus of the present study is to highlight the effect of the wetting characteristic of wt%, the droplet diameter increases with increasing θ, but the dependence was very 727 slight (see Figure 17) . Correspondingly, Figure 19 shows higher SCMC 728 concentrations and for these high-viscosity disperse phases, the filament is present 729 even at high θ. Thus increasing θ merely shortens the filament and does not remove 730 it. As there is no change in the mechanism, the effect of θ is weaker at these higher 731 SCMC concentrations. Indeed for the highest SCMC concentrations the filament is 732 already so long that the corner has virtually no effect. The solutions, in these cases, 
797
According to Laplace's law, the interfacial tension forces necessitate a pressure drop 798 across the interface to maintain the interface at equilibrium against collapse. As viscosity at higher flow rates.
857
All of these effects can be explained qualitatively by the idea that droplets detach We assumed that the effective viscosity inside the droplet is determined by the wall disperse phase, without elasticity, we showed a direct influence on the droplet size.
887
The combination of these two studies shows the potential to tailor the droplet size 
